to increase the peripheral airways resistance or to change the compliance of the bronchi. Dr D T D Hughes pointed out that the transmural pressures for the bronchi under static and dynamic conditions were very different. Presumably the dynamic transmural pressure depended very much on the calibre of the upstream airways; he wondered if this was known in emphysema. Dr van de Woestijne said that for a given geometry and bronchial compliance it was easy to calculate the pressure inside the airway by starting from the alveolar end, summing for each generation of airways to obtain the pressure losses and hence the transmural pressure in each airway generation. Dr J Mead asked what justification there was for a model having only one degree of freedom for airflow to the abnormal lung, which had different rates of emptying from the different parts. Dr van de Woestijne agreed that the validity of the model depended on the validity of the simplifying assumptions. These did not take into account the pleural pressure gradient, the asymmetry of the bronchial tree or the inequality of distribution of airway resistance. Evidence suggested that their inclusion would not greatly modify the result. 
Frequency Dependence of Compliance
In the normal lung most of the resistance to airflow lies in the large-diameter passages, the trachea and the major bronchi (Macklem & Mead 1967) , with only about 10% of the total resistance arising in airways smaller than 2 mm in diameter. Conventional measurements of 'airway resistance', by either the forced expiratory volume (FEV1.o) or body plethysmographic techniques, may therefore fail to detect substantial changes in the resistance of these peripheral airways. Woolcock et al. (1969) suggested that under certain circumstances a fall in dynamic compliance of the lungs as the frequency of breathing increased might indicate that the resistance of some small airways was increased.
The dynamic compliance (Cdyn) can be defined as the change in volume resulting from a given change in transpulmonary pressure, measured between the end of inspiration and the end of expiration, when airflow is transiently zero, during breathing. These authors based their argument on the concept of the inequality of the time constants (compliance x resistance) of those airspaces which are ventilated in parallel (Otis et al. 1956 ). Otis et al. (1956) showed that the mechanical events during rapid breathing could be analysed by applying alternating current theory to an electrical analogue of the lung. If the time constants of the two or more parallel airspaces were sufficiently unequal, then dynamic compliance would fall with an increase in breathing frequency. In the normal lung minor inequality in time constants is unlikely to produce this effect, for the major resistance lies in the common central pathway; the lung lobules are not independent of each other, being physically joined; and channels for collateral ventilation communicate between lobules to greater or lesser extent (Hogg et al. 1969 ). Woolcock et al. (1969 have further postulated that if the total resistance to airflow and the static elastic properties of the lungs, as measured by the static pressure/volume curve (Frank et al. 1968 ), are both normal, then frequency dependence of compliance must imply that the resistance of some peripheral airways is significantly increased. The static compliance (Cstat) is measured from this pressure/volume curve over the normal tidal volume from the normal resting end expiratory lung volume. These static pressure/volume relationships are obtained by simultaneous measurements of lung volume and transpulmonary pressure (the differential pressure between the mouth and the cesophagus) during relaxed expirations with an open glottis, the airway being temporarily occluded for periods of 1-2 seconds at various lung volumes as the expiration proceeds. Macklem (1970, personal communication) has suggested that frequency dependence of compliance be defined as a fall in the ratio of Cstat to Cdyn (the dynamic compliance over the same lung volume) to less than 80% at a breathing rate of 1 5 Hz (90 breaths/minute). In order to make measurements which are valid by these criteria it is therefore necessary that the equipment for recording the three primary variables (airflow at the mouth, lung volume and its changes, and the differential pressure between the mouth and the cesophagus) should show no appreciable amplitude distortion or phase lag up to a frequency of 10-15 Hz.
We have used equipment meeting this specification, consisting of a Fleisch pneumotachygraph and Statham PM 15 transducer for airflow at the mouth, to signal zero flow points; the integrated output of this PM 15 transducer to measure lung volume changes; a pressurecompensated air-conditioned 'constant pressure' body plethysmograph (Mead 1960) to measure absolute lung volume; and a Statham PM 121 transducer with a wide-bore aesophageal catheter and balloon to measure transpulmonary pressure. In preliminary studies of 11 normal subjects (10 male, 1 female) aged between 17 and 35 years, the static pressure/volume curve, lung volumes, and FEV1.o were normal. In 6 of these subjects compliance was frequency-dependent by the criteria of Macklem (1970, personal communication) . Only one subject smoked cigarettes. Tidal volume and inspiratory capacity were not significantly altered as breathing frequency increased.
Frequency dependence of compliance has been reported in a total of 24 normal subjects (Albright & Bondurant 1965 , Ingram & Schilder 1967 , Ingram &O'Cain 1971 , Defares &Donleben 1960 . In 22 others in a similar age-group (15-50 years), frequency dependence was not seen (Otis et al. 1956 , Mead 1956 , Chemiack 1956 , Woolcock et al. 1969 . However, in the only study in which full evidence of completely adequate techniques is given (Woolcock et al. 1969) , frequency dependence was only found in 1 of 8 normal subjects, a 49-year-old male. In the 100 subjects described by Defares & Donleben (1960) 4 otherwise normal subjects were found to have frequency dependence, but these authors do not give sufficient technical information to be certain that their equipment and definition of frequency dependence of compliance met the criteria defined above.
These preliminary studies have convinced us that the frequency dependence of compliance is a technically demanding measurement, although it involves little discomfort and no danger for the subject. Further work will be needed, particularly in comparison with other techniques for assessing peripheral airway resistance, such as closing volume, and analysis of flow/volume curves, and possibly of gas exchange during exercise, in order to elicit its role in contributing to the diagnosis of airway disease of the small airways in otherwise normal subjects.
Woolcock A J, Vincent N J & Macklem P (1969)J. clin. Invest. 48, 1097 DISCUSSION Dr Flenley, replying to a question, said that for a single measurement in an individual it took 30-40 minutes to get the data and 6-8 hours to analyse a trace; there was obviously a great need for automation. Mrs M McDermott asked if Dr Flenley had tried Macklem's method of plotting pressure and volume on an oscilloscope with the trace brightened when the flow was zero. This method worked for normal subjects but not so well on patients. Alternatively, when using an ultraviolet recorder, a mark could be arranged on the pressure trace whenever the flow was zero. This obviated the lining up of traces and cut analysis time by 90 %.
[The necessary physical characteristics of the equipment used in the measurement of dynamic compliance and the percentage drop in compliance with breathing rate to be expected in normal subjects were discussed.] Mrs McDermott found frequency dependence of compliance in about 50% of normal subjects. Dr P Kamburoff also found dynamic compliance in normal subjects to be frequency dependent. Dr P Howard asked if the converse situation had been observedno frequency dependence in a patient in whom the FEV was abnormal. Dr Flenley had no data, but thought there was no point in doing this test in these circumstances as the total resistance to airflow was then abnormal. Dr S Freedman commented that the reproducibility of the curves was very important. Instead of setting an arbitrary definition for normality of 80% at 1-5 Hz and studying each subject once, serial measurements should be made over a period of time.
[The question of which index of compliance should be used as the denominator for calculation of percentage fall in dynamic compliance provoked considerable discussion.] Dr J Mead stressed the importance of the difference between deflation and inflation static compliance due to the different volume histories. He was amazed that the percentage drop in normal subjects was not bigger in Dr Flenley's study, as a deflation static compliance was being compared with compliance during spontaneous breathing. Dr N Pride and Mrs McDermott both commented that Macklem standardized the volume history by going from full inflation down to FRC and then measuring the compliance over a tidal inspiration.
